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ABSTRACT . 

This paper rev\evs a number of past studies in •the 
field of diffusion research, deSQxibing the major features of each 
dif fusion , model and discussing its v^,3.ue for predicting the spread of 
educational innovations. Following this, review , the author presents a 
new autocatalytic diffusion model ba&ed'on the mathematical models of 
epidemiologists and chemists/ This autocatalytic model is adapted to 
the study of educational innovations, and then the model is applied 
to historical C^ata ai^d used to predict the life cycle of six^.- — 
different educational innovations. The predicted life cycl€"§matched 
the actual brsTbtrical dA-ta very well in five, of the six cases. The 
author also uses\-fe«..x^fodel to project the future adoption life cycle 
of the semester system in Ontario secondary schools, an innovation 
that is still in the process of adoption. (JG) 



i^i^i^i^iki^i^3^i^i^i^i^i^i^*i^*jf ******** 

* Documents acquired by ERIC include many informal unpublished . * 

* materials not • available from other sources. ESIC makes' every ^effort * 

* to obtain the best copy available. Nevertheless, item!s of marginal * 

* reproducibility are often eticountered and this affects the quality * 

* of tlie microf iche^and hardcopy reproductions EPIC makes available * 

* via the £BIC Document BeproductioT> Service (EDBS) ". EDES is not * 

* responsible for the quality of the original 'document ... Reproductions * 

* supplied by EDBS are the best that can be made from the original. * 

i^i^i^i^i^i^i^ilLilLi^i^ilLi^i^**i^*ilL***i^************************************************ 



us OE^ARtMENTOF HEALTH, 
EOVCATION 4 WELFARE 
NATIONAL tNSTtTUTE Of 
» EDUCATION 
TMiS DOCUMENT M/^S BEEN REPftC \ 
OUCEO EXACTLY AsiRECElVEO PROW ^ 
THE PERSON OR ORGANIZATION OR>G N 
ATt>#G IT PO'NTS OP VIEW OR 0^'NfONS 
STATE* DO NOT NECESSARILY REPRE 
SENT OPPtClAL NATIONAL tNSTlTu*E OP 
EDUCATION »>OSiTtQx OR f>OL»CY 



AN AUTOCATALYTIC MODEL FOR. 



t XHE DIFFUSION OF EDUCATIONAL INNOVATIONS 



STEPHEN B. LAWTON 
THE ONTARIO INSTITUTE FOR STUDIES IN EDUCATION 

WILLIAM H. LAVrON 
EASTMAN KODAK COMPANY 




JANUARY, 1976 



AN AUTOCATALTCTIC MODEL FOR THE 
DIFFUSION OF EDUCATIONAL INNOVATIONS 



The spread of educational innovations is a topic that has been invest!- - 
gated fygm a multitud e of com plementar y viewp o ints > Som e individuals have 
been interested in dissemination of particular practices or products; others 
have studied the diffusion process itself; still others h&ve 'focus^ed on th^ 
adopters, their characteristics and motivations;, and most recently, investi- 
gators have concentrated on the problems of implementation of innovations. 
This paper is in the tradition pf diffusion research,, but is an outgrowth 
of recent developments in a quantitative approach that has emerged in the 
field of" marketing that, in turn, has its roots in the mathematical models 
of epidemiologists studying the spread of diseases and chfemists investigating 
the nature of chemical reactions. In particular, a new model to describe the 
diffusion of new pr^ticas and products is presented, similar to that proposed 
by Bass (1969) ♦ The model is then applied to a number- of educational and 
business innovations. The findings are related to the literary tradition 
of diffusion research (Rogers, 1962, 19j/) and to several concerns about the 
nature of change in education (House^ 197A, 1976). 

Background 

The tradition of research on the diffusion of edi^ational innovations is 
associated with the work 6f Paul R. Mort* at the Institute for Administrative 
Studiea, where over 150 studies were completed over a period of forty years • 
In [sunaar icing the ovararching* findings, Mort (1964) concluded, in part, 

1) long tine elapses between recognition of a need and creation of 
an acceptable soluttonj ^ 

2) the spread of an educational innovation proceeds at a slow pace, 
rtqulrtng d.ecadea to complete; 



■» 

, "2- 
3) th^ rate of diffusion for complex innovations is the same as for 
— gifflpi-ergtre-ay-CTioup expensive InnovarfoifsnpiocTeTliQr^'^^^iy'fhpn j npyperTstve" 



ones ; 



^ during- the early stages of its introduction, an innovation is usually 
"invisibRT^ut its spread is relatively rapid after its recognition; 

5) communities vary in the degree to which they take on to new practices. 

The Mort studies also discovered, as suggested by point four, that inno- 
vations etch out an S-curve when plotted cumulatively through time (Rogers, 
1971), and a bell-shaped curve if plotted annually. It is the mathematica] 
modelling of these curves that is the focus of this paper. 

Rogers brought the strands of diffusion research in rural sociology, 
education,^ anthropology, sociology, medical sociology, and' industrial history, 
economics and engineering together in Diffusion of Innovations (1962) . The 
university of the S- and bell-shaped curves describing the life cy<:Ie of the 
adoption of an innova^tive practice or product was established beyond doubt, 
though attempts at their quantitative description were rather unsuccessful. 
At the ?ame time> various concepts were presented Which give useful meanings 
to more complex' ma thematital formulations: 

Interaction effect - "the process through which individuals in a social 
system who have.^poted an innovation , influence, those who have not yet adopted.., * 
If the first adopter of the innovation discusses it with two other members of . 
the social system, and these two adopters each pass the new idea along to two 
peers, th« resulting distribution follows a binomial expansion. This mathe** 
raatical function follows a normal shape when plotted (1962, p. 154)." 

Adopter categories - Adopters can be grouped into innovators, early 
adopters, early majority, late majority and laggards. 



Combining' the mechanism suggested in his definition of the interaction 
^JUc^^lth^th6^ 4oa oi ad ofifeioa^^o^. ^ac^e spreading from a group of 
8p 8c ial innovatoro to th e remaining nQabcgp -0#-a-fi^fHd ^t6n» Rogcro G u g^^gju^ 
a wo-step flov: ^ — ^ ' 



J'Most individuals become aware of innervations frort mass media and 
then proceed to discuss these innovations with peers as they evaluate 

the iSea..,, Essential to the idea of a twb-step flow is a distinction 

'I . ' - ^ ' 

between opinion leaders and their followers. • /•.^p. 214)" 

"f,,* In other vord», when earlier adontera talk to later adopters 
about a new idea, the rate of adoption proceeds more quickly than 
Hhen this communist ton does not occur f 

The Interaction effect generally similar to the process by. 
which an infectioug disease such aa scarlet fever, diphtheria, or 
meflfslea apreada through^a social syetem. Bailey (1957, pp, 15-22) 
analysea the infection process in terma of "infectives" (similar to 
active adopters of a .new* idea), "aueceptiblca" (those who are^not yet 
infected), "rempvals" by death or isolation (similar to p^saive adopters), 
and the "incubation period" (similar to the adoption period). There 
\n Qloae theoretical similarity of the infection process to the diffu- 
sion proce«at Perhaps some of the complex mathematllcaX equations- 
obtained fotr diff^ent types of epidemics by Bailey (1957) might be 
fitted to the diffus'ion of innovations (p/21?)" 

' - Xtonically, Rogers suggestion to apply the ijiathematics of epidemiology 
ta diffusion research was taken up by the one tradition he had omitted;' 
marketing. At the time, he had noted, *'ICat« and Leviir\(l959) lis^t of 
traditions includes marketing research which the present 'list does not. ^ 
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'Thev« A<re relatively iew reseAi^eh 3tudl«s avajllabl« in the field. Zt is 



probably • true , ^owqvbK CMt * . . . wi»cttnjf^i«e"*m In the f ieW of warkotlng 
-m4y b« in the ?ilM of private agenciaa , , . . ' -(Katu and Levin, 1959), " \„ 

Baea (1969) developed a growth model lot 3«lea of new produ«ti related 

y • * ' 

to . the mathematicaj,. theory underUying Qontagion roodela applied in the 

field of epidemiolgy, Baei8 no tee, "Behavlorly, the aseiinptiona are 
, in certain respecta to the theoretical ^concepts emerging in the literature 
on new produgt adoption and dlffuaipnif The model differs from modele 
baei^d on the log-normal dtfltribfttign (etgii MAnafield, 1961) and other 
growph modele ,,, In that the behavioral aesumptiona are explicU <P« 213)." 
It can fliso be noted that the normal cliatribution used ,to deaoribe the 
distribution of adopter* *y year, which Rogera (1962) advocates, ie 
necessarily rejected by 'the Pass approagh aince, 1) there ia no behavioral 
rationale for uee of the normal or Gaupaian diptribution for the purpose, 
and 2) the Baaa model does not reduce t^o a normal distribution. 

The Bass wodel is concisely pwmaariJied In Nevers (1972) and Dodda (1973) , 
and the latter notes the model's succees not only in modeling past behavior 
bat in predicting future behavior j "One of the .ndvatages of thTBasV^ model 
. is that it permits a forecast of the timing of a turnd^m^n aalea during 
a period" in «»hich salea are growing rapidly, where naive forecarting models 
tend to project' indefinite sales growth at rapid rates. Thua Bass .-in 1966 
accurately predicted that a sales peak would occur in 1968 for color tele-» 
vision set sales at 6,7 million units, while the industry was building plant 
capacity for U million picture tubes. The overly optimistic industry pro- 
jections resulted in rather prfverg economic dislocation which might have been 
avoided (Dodda, 1973, p, 308)." In addition to the "adoption" of ne« color 
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television sets, Baes applied his model c~o"Na. number^af other eonsutner items ♦ 

— J^ev^rs (X97i) entendpcl thQ Bass w^tl to tha retail gervicct agriculture 
and industrial (echnoXogy sectors, in addition to ^at of consufQer durables, 
evaluating his results using multiple r^egrasaion. For. the first, he^otes, 
results are good both in terms of estimated ti»e and magnitude of sale^ 
peak. A ten year prediction for McDonald's franchises (1955 to 1965) "over 

*fhlch an actual sales peak was reali2ed, yielded very good results (p. 87)/' 

c 

For industrial technology and agricultural sectors, ^results were reasonably 
good, though the short period to peak adoption "cast some doubt • . , on ,tho 
significance of predicted times (p, 87)," For the consumer sector, results 
w*e?e encellent for boat trailers, and within four percent of the magnitude 
of peak year sales for colour televist^n sets, though peak sales ^were pre** 
dieted one year earlier than they actually *bccurred. See Table 1. 
Dodds (1973) improved on the methods used by Bass (1969) andSJevers (1972) 

4 « 

to (estimate adoption curves and parameters by using non^'linear estimation 
techniques in place of their use of linear regression. 



y * INfaUT^ TAIVLE -1 ABOUT HERE 



Following Nevers' lead* it wou^d'be possible to test the Bass model 
with educational datat How well would It fit, «}ay, the data reported by 
Carlson (1965) for the adaption of Modern Math Allegheny County, 



Pennsylvania, and the State of West Virginia? In what year would it 
pre*dlct the peak number of adoptions of the semester system in secondary 
schools of Ontario, Canada, given the numbers Having adopted semestering 
in the past five years? 

These questions are answered in this paper, but using a model developed 
Independently of Dass by* LawtGu (1974). In niany respects, this luodt^l Is 
similar to Bass's in that it uses formulations developed in epidemiology 
and, incidentally, chemistry • T-erminology from the lattoer field is used 
to describe the model: an autocatalytlc model for adootion of innovations. 
In chemistry, a reaction in which the molecules of a substance formed aS 
the reaction proceeds acts as a catalyst to hasten tlie Iformation of addi- 
tional molecules Is termed "autocatalytlc.*' This terminology is particularly 
appropriate to the adoption of innovations since this type of reaction is 
analogous to Roger's interaction effect, described previously, which recounts 
the influence of one adopter on others who have not yet adopted a new idea, 
practice or product. * • 

The autocatalytlc model described below has at least two notable . 
differences from the Bass model. Firsts there is a single rate constant 
p for all adopters, rather than two rates — one for innovators and one for* 
immitators-- as proposed by Bass. The concept of a rate constant which is 
determined experimentally is fundamental to the study of the velocity of 
chemical reactions (Sienkp and Plane, 1961). Typically, the rapidity wl£h' 
which two chemicals react is proportional to their concentration and chemical 
nature, to temperature, and to the presence of a catalyst. Any automobile 
ownet living in an area of severe winters or in an oceanside community Is 



Well aware thai; iron rusts more quicklj^ in humid weather than dry (i.e., it 
depends on the amount of moisture In the air), and that this reaction is s 
st)eeded by the p r esence of salt> Wlijle a c ar In Pj ^eonlx might take 39^ years 
to rust, the same damage might occur in Toronto in just 3 years; that ia, 

rusting might occur 10 times as fast in the latter city. In theory, the rate 

/ 

formula for this reaction might look something like this: 

'Rate K p (concentration of moisture, salt, iron)^ where p is the so-called 
"rate constant," which must be determined by experiment;. Clearly, if stain- 
less steel were su]DStituted for iron in the same equation, p would be much 
smaller since the rate of corrosion would be much less. This concept of the 
rate constant can be developed using the^isease analogy, as well: a highly 
contagious disease has a far larger constant than one which is not easily 
spreafl. In -both cases, the rate constant does not depend on the extent of 

the materfals or populations involved/ Hence, rates for adoption of a ■ 

' / V 

given innovation in different juriaffictions can be- compared directly, as can 
rates computed from either raw data or percentage distributions. In addition, 
the-tate constant for the autocat;iIyVic model differs from that defined bv 
^Rogers (19^2, p. 139), The latter gives a dij^stinct value from year to year, 
making <:omparisons e^en between .the same innovation at different times and 
different places impossible, ^imilar limitatfions apply^to th,e use of rates' 
for different innovations using Rogers' definition. The second important 



departure from (1969) is the use of the notion of a "seed" which starts 

the adoptiprtprocess, much as a seed sets off a chemical reaction. Usinjg 
^^h^^sease analogy, this seed is .a group of "carriers" that introduce a 
disease to a new population of "susceptibles". thus starting an epidemic, 
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■ ■ ■ J 

Whereas^ Bass and tawton hava> in e98|^nce, proceeded from Rogora' 
^ concept of interaction to the macroacopic, Carlaon <jl965) proceeded, to 



the microscopic in Adjopttqn of Ednc^^i^ojaaA- tonov a tlon g^ — ftj^^ia ly s ta o f 

^ * . ^ 7 ' 

social interaction (p. 19) suggests tjie IntemaJUproce^ses-of-^n-Hiuto--^ — 



catalytic reaction, which the mathec^tical models describe only in terms 
of cuibulative effect^. Carlson doe& present cumulative data for six 
educational innovations (Modern Math, Language Laboratories, Team Teaching, 
Programmed Instruction* Accelerated Programs, and Foreign Language in 
elementary schools), and he relates rate of diffusioh^«-def ined ecs the 
'area under the histogram which gives the percentage of adoptions over time— » 
with characteristics of individual innovations. As an empirical definition 
of rate of diffusion, Carlson's choice may be sound if an innovation's 
period of ^adoptlon 1^ overt However, the definition is useless if one 
wishes to predict the course of adoption of a new practice, such as si^e^ter'^ 
ing, whenHrtV spread has just begun i . of fnost relevance to this study is the 

datA Carlson presents; Its reanalysis using the autocatalytic model appears 

-« 

latftt 

•\ 

Mor« recently! House *|i The Politics of jSduca tional InBovatlons (19 74) 
has eljiborated on the soclsl process ^ implementing Innovative changes in 
edMcationi Miich of Mi^ analysis conpiirns the distinction between innovations 
adopted by two different typ<»P sntities^^the individual for wrt»t he ^terms 
"household innpv^Uona/'^rthe prganl^atton for what he terms "entrepreneurial 
innoviitions'* which are meant , In the endv to affect people other than thoee^ 
dirictly Involved In the adopting agency. EHamoles of the first are television 
setq and ftutpmobtlesi, ^namples of the latter are computer assisted instruction^ 
and McDonalds* franchises t 



% 
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In general, House U critical of diffusion mod«is, such as the inforina 

<l.o w model pyopogid by Pedergon (1970). beeiLuse they tend to-vle«. all' 

^oT>t^rs-ag-^eqtretr-^qayltv-iiwar(r-aftd equa likely to /idnpf. ho..«p nn^oc 

t4»i^^fluraption-t9::f^^Vi::^nd::eraph^ that social structuro-ie the— - 

dominating force, particularly in the case of ^trpreneurial innovations, 

Thia latter point ia graphically illustrated by points plotted on maps of 

Illinois showing; the state-wide spread of. programs fV^ the educationally 

Sifted, Clearly, urban centres located along major highways adopted first, 

while small, remote rural communities adopted last. 

In faQt/ however, House has not actually rejected diffusion modeXe;' 

.he haa ^mp^ly refined the target population info ever amalXer groups on 

the baala of wariou<r factors affecting the likelihood of adoption. In. 

mai^ketlna terminology, ha has fiegmented the market according to aise and 

'gepgraphic p^ronimity to transportation corridpra. Since in ptactlca 

diffusion models generally asaume thp elmilarlty of adopting units > 

market segmentation clearly makes them more fipplicable by making the - 

populations to which they are applied more homogeneous in fact* Recognition 

that detailed analysis of both population structures and the adoption/ 

implementation process is possible, and indeed necessary, does not' contra^ 

diet the validity of macroscopic modeling of the diffusion process. The 

aitH^tioit ia not wnllHe that which occurs in chemistry: 
If • ^ 

For /moat rea^rtlonsi it is only the disappearance of atarttng materials 
and the appearance of /flnalK^oducts that can be^detected; i.e., only the 
net reaction is obseryablad In general, however, the net reaction ii not 
the whole story but almply represents a summation of all the changea.that 
occur* The net change may actually consiet of several conaecutive reactions 
each of which cojiatltutoa a* stgp in the formation of final products.... 
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It ia Important to keep clear the distinction between net reap^lon and 

J ^- - ^-i^ 

one step In th^it renctlon (Plenko and Plftne» i961, pri!37),*'' O 



So, too, macroscopic diffusion models suctv« that presented here 



Eojcua_Qa_net^-ef£ects^_ Study of^lndiviiyal stepa^ln alLJJieit CUneair 



and non-linaar) complej^lty and with tfielr host oif intermediate results, 
*. is an important complementary area of investigation. \( 
» Overvie w of the Autocatalytlc Model 

Immediately after the appearance of a new practice, product or idea 
in the educational arenai Its adoption by educators, schools or, sdhool 
boards unfolds yeaY by year» A plot .of the adoption of such an ^Hnnova*' 
tion" against time yields a gJ^aph like that in Flguj^^ 1 fej^NEWSTYtE 
teaching'* This plot of adopting un^ (in this case teachers) as a 
function of time is called the life cycle of the Innovation. 



Insert Figure 1 about J^jtere 



\ 



The life cycle function contains, some of the essential Information 
needed for planning and dissemination d^irSf^Ca^. The sum of >ll the 
numbers of adopters for each year (the area under the "curve") represents 
the total population of, adopters for the innovation to whb^a^JjtfcicmatlonX,^ 
must be* disseminated or training provided} the peak height provides informa*^ 
tion about the capacity of tKe training or disseminating upit (if any) ; and 
the width of the curve gives time elapsedfbetween first acceptance by inno-^ 
vators and late acceptance by laggards and, hence; the date at which support 



services can end. 
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lf» this life cycle curve were known prior to the emergence of an 
innovation, then the planning and dissemination decisions concerning the 
innovation would be greatly simplified, Of course, the exact life cycle 

it 

cannot be known until after the end of the cycle> to* late to be of 
assistance in planning and dissemination decisions. 

The difficulty of making reasonable predictions about life cycles is 
perhaps most severe when one is dealing with truly "new" ideas practices, 
and products which are dr^SBtl^ally different from those that preceded. 
QpT^ plan schools, programmed instruction, semeatered'high schools 
(radically different for Ontario, at least), and two-tiered metropolitan 
governance of schools are but a few examples. Thus, the potential value 
of applying some of the results of studies which, have focussed on the time 
evolutiort of adoption of new products (e.g». Base, 1969) is obvious. 

Most of the raocjels that have been developed are aified at a broad 
range of distinctive ''new" practices and products, as opposed to minor 
changes* in those currently in u^, which have the characteristics that 
the inn ova tion can be adopted but once during its life cycle . Hence , if 
a school has a^lopted programmed instruction for mathematics and^later 
replaces worn programmed texts, only the first adoption is counted. 
Further, the model ^cmnrpfi A^gppjf!jnc>1 v important possibility that 
the innovation might >^ dropped later, as would occur if programmed texts 
were replaced by Computer Assisted Instruction for teaching mathematics. 

Both the Bass (1969) and Lawton (197A) models put forth the theory 
that the tim ing of an indiv i dual 's"A^nitial Adoptio n of an innovation is 
strongly related to the n umber of previous adopters of that innovation . 
Essentially, Rogers' interaction effect, characterised by increased 
^^miliarity with the innovation as it is being applied fn the field. 



ERIC ' 13 



f 



7 -^12- 

( / 

and the desire to enmlate opinion leaders In high status positions (or in 
layman's terms, the desire to ''keep up with the Jones") are thought to ^ 
provide, in terms pf sojfial dynamics, the autocatalytic force. 

Other possible factors, advanced by House (1974) JLnclude economic moti- 
vation for profit and career advancement, mi^hf be of particu^r Importance 
in the caseiof entrepreneurial innovations. 

Ult^lmately, the thorough understanding of this autocatalytic forc6 
and the factors involved In i-ts creation is^-of critical importance, As 
House (1974) notes, the ''tempo of economic development depends on the speed 
of the innovation's difftision and implementation <p, 259)/* Certfitinly, 
control of economic development is a critical factor in all societies. 
Nevertheless, a thorough understanding of the^drive behind adoption of 
Innovations is not necessary for applying the autocatalytic model if one 
can assume that, for a given population at a given time, the net force 
is set. That is, one must assume that among school administrators in 
given jurisdiction, the force would not change during an innovation's 
adoption life cycle, ^ 

ho^igh"* this assumtion limits the validity of the model in theory, it 
ay be reasonable in practice. Only extreme changes in external factors 
are likely to effect the process of adoption, fudging from results reported 
later» aa4 Vhen thesd occur^ they ar§!^nlikely to pass unobserved, ^Indeed, 

a (juasi-expe^mental situation is created when projecting the future .path 

* ♦ 

of adoption for an innovation which facilitates the identification of 
variables 'a^fpcting the innovation 'process. By analogy, the spread of an 
epidemic cac be projected early in its course, even if the mechanism by 
which it is spread is^ unknown. Further, a sudden cessation of the epidemic 
might provide a clue which would lead to understanding the mechanism. In 



• / 

1 

, short, modeling the macroscopic is not dependent on understanding the 

*• 

miQro'-t>rocease8f 

Mathematical models » such as that presented here, cannot be tfii«tcd 
or considered useful until they can Tie shown consistent with, and provide 
an explanation for, a large portion of actual life cycles of innovations • 
As noted previously, the Bass model has proven quite successful; so top 
has the autocatalytic model for the adoption of innovations. It has been 
appltW to more than thirty sets of data, and given consistently good 
resyltSt In particular^ its predictions for the timittg of and number of 
adoptions in ^he peak year of the life cycle when applied to historical 
data are excellent for l^e following. A detailed examination will be 
provided for the educational innovations in a later section. 
Education Consumer Products 

Modem Math ^ Power Lawnmowcrs 

Foreign'^Language (elementary) Boat Trailers 

Accelerated Programs . •■Television Sets 



Pro^ammed Instruction ^ Clothes Dryers 

. Language Laboratories Air Conditioner 

< Semesteting, ' Freezers 



/ 



R«tail Service Record ?UxeTB 

McD-onald'a franchises Tape Recorders 

In4usttial Tachnology Cable TV Subscribers 

Rapid Bleach Process licenses 
The autocatalytio model describes the'entire life cycle for an inno- 
vative idea, practice or product^ in terms of three simple numbersi the 
Bine of th e popqlation o f adopters ^ denoted by N, which is the total 
nunber ot finite trhat would ^dopt the innovation if no other innovations 



or disturbances ojccurrec}} the number of tirA ^et^r ^adojgtjiga^ deadted fay. , 
8^1 an4 the rate congfant . denoted bjr p, which la a" measure of K'pv fast 
the i^nnovation spreads through the population of adopters. As jia the case 
in chemistry, th^ race constant for a given Innovation or cla$^ of inno- • 
vations must be deteriQinod by examining histoifical data which, in essence, 
represents previous "experiments/' 

The examination of some thirty sets of historical data led to the 
surprising conciusit)* that p is relatively stable for constoer products, 
(i.e,, House's '•>\ou8ehold innovations*') and ftmy be stable though oomewhat 
lAtjtiP In magnitude for commercial and educational innovation^, (i.e.. 
House's "entrepreneurial innovations)," If ^"discovery" is true, then one 
needs only two parameters to estimate the total life cycle of an innovation! 
the size of the population of adopters N and the number of 'first year 
adopters s^^. The effects of differences in either the number of first 
year adopters or the sices of populations of adopters on the' subsequent 
evolution of th e life cycle curve can easily be examine€*by use of the 
model, j * 0^ 

Use of the Autocatalytic Model 

The model can be used in four distinctive ways; 1) analysis of • 

historical data, 2) extrapolation of *lif e cycle curve from early data 

on the adoption of an innovation^ 3) prediction of life cycle curve 

before the introduction of an innovation, and 4) estimating the "value" 

C 

of a totally new innovation from early adoption data. 

Analysis of historical data using the autocatalytic model amounts 
to validating the model, Had the model not been able to reproduce the • 
chafacteriatica of actual life cycles, then it would have been discarded. 
In practice, thp beat fit of the model to an actual life cycle is deter- 

♦ IG . 
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mlned by computer analyaie,* using an apprdach similar to that of Dodds 
(1973) t An enample of such an anlaysls ia ahown In Figure 2 for Cable TV 
subscribefg,, a typical household Innovation. 

Insert Figure 2 about here 

Analysis of historical data provided strong evidence that the 
auto3;catnlytlc model Is qiilte consistent with the time evolution actually 
observed, Figure 2 being a typical example. In all, over thirty life 
cycles were reduced -to Ithe three basic parameters, N, c^, and p. * At this 
point it was discovered that the rate constant p tended to take on values 
between O.A and 0.6 consumer products, 0,6 and 0.7 for commercial 
products, and 0.6 and l»A for educational innovations. Over the range 
from 0.4 to 0.6, differences in the parameter p have only a very minor 

effect on the life cycle curve. From these ''experimental" data, it would 

an 

appear a priori estimate of p *• 0.5 should be adequate for most analyses 

A 

of the adoption of consumer products; of p « 0,65 for commercial products; 
and p ••0,8 for educational innovations of an entrepreneurial kind. The 
high value of the rate constant for educational innovations is particularly 
striking in view of Mortis findings that educational innovations were slow 
to spread; dlacuaslon of this finding appears in a l#ter section. 

Extrapolation or forecasting of future adoptions of an innovation 
from early adoptions is a part^uiarly pracCical use of the autocatalytic 
modelf As not^d earlleri Pass correctly predicted the peak year of colour 
television sales,, and Dodds (1973) demonstrated the capability of the Bass 
model for extrapoating the life cycle of Cable TV operations. Using the 
autocatalytic model to analyze data presented in, 'Table 2 on the conversion 

17 . . 
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of Ontario secondary schools to the semester system of scheduling courses 
(Hill, 19741 produces the results graphed in Figure 3, given the assumption 
that all 470 high schools responding in Hill's study ev*>ntually cQnvpr^. 
Note that 1974-75 and 1975-76 are predicted as peak years, with conversions 
tapering off at the end of the decade. 

Insert Table 2 and Figure 3 about here 

If one assumes instead that the population of adopters for semestering 
is only 250, then 1973-74 was the peak year for conversions, and that the 
process will be completed by 1978-79. Regardless of which value of N is 
used, p is quite large in comparison to consumer and commercial rate values, 
equalling ,74 in the first case and .85 in the second. Note that from 
historical data of a complete life cycle, all three parameters N, s^^, and 
p can be estimated statistically (in this case using a nonlinear estima- 
tion prt>cedure) . In forecasting from very early data, however, it is 
generally useful to fix N\based upon "outside" information. Otherwise, an 
exponential curve would be calculated with N being infinite. In this 
example, the fact N « 470 yields a p with a smaller standard error than is 
true for H^-*>^50 (,0^ v§.* '^^^ suggests that >i « 470 is the more reasonable 
assuiMTxion* 

Forecasting the entire life cyclje of the adoption of an innovation is 
perhaps the mos^ difficult, yet most important, use of the mbdel. In this 
instance, opinion surveys might be used to estimate the potential number of 
adopters (b^ thev boards, schools, or individual teachers) and the number 
most likely to adopt the innovation in the first vear. The rate constant p 
would normally be taken as 0.8 for educational innovations, 0.65 for commer- 
cial products, and 0,5 for consumer products, based on the historical data 
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rtoted earliefr. One cannot expect perfect accuracy, of course, since fore- 

casting 1ft inherently difficult. If the size of the population of adopters 

is grossly over^ or under- estimated, or the estimate of first year adopters 

is very poor, then the projected life cycle estimate will be very poor. In 

education, sizes of adopter populations are in most cases reasonably easy 

to estimate; e.g., there are about 650 high school^ In Ontario, 100,000 

teachers, etc. Admittedly^, these are maximums which may be applicable in 

some cases and not in others, but at least estimates can be made on some 

basis. Perhaps the best approach is to use probability distributions for 

population size, number of first year adopters, and p in order to pro duce 

a band of functions which contain the "true life cycle" with a certain 

degree of probability, 

. Using the autocatalytic model to study the "value" of an innovation 

to the population of potential adopters is the final application that can 

be made. If an innovation is so novel that the adopting population is 

unable to appreciate its "true value", there will be no catalytic forces 

to impel' the reaction. What would happen if demonstration projects were 

initiated in a few schools, or if a concerted effort was made to publicize 

those already having adopted the innovation? In essence, these steps 

amount to increasing the number of first year adopters, s. , which is an 

index of the perceived value of the innovation in the population as a 

a 

whole. Once one can effect s^^, one can learn the effects on the life 
cycle of doubling or tripling s. . In fact, It would be 'seen that con- 

siderable leverage is supplied by s. , If subsequent adoptions were below 

. • \ 
that predicted on the basis of the artificially stimulated s^^, it would 

be concluded the innovation was not highly valued by the adopting popu- 

lation, \ 

V, 



19 



-18- 

Intuttive Developm ent of the Autocatalytie Model - , ' 

Underlying the autocatalytic model for adoption of innovations is the, 
assumption that the Innovattona involved either provide an entirely new 
function (e,g., public day-care for pre-school children) or provide a 
significantly altered method or capability with respect to established 
functions (e^g., open-plan elementary schools). The basic problem under 
consideration ig 'the dynamic aspect of the adoption (or diffusion) process, 
The process of unfolding adoptions" may be viewed aa the conversion *of a^ 
population of aCtM^l adopters.. The nature and dynamics of this conversion 
process determines the life cycle of an innovation. 

Chemical Kinetic models are concerned with the conversion oT a popula- 
tion of molecules of one type* into a population of molecuifea of another 
type. Based pn some simple mechanistic assumptions, these kinetic models 
predict the dynamic (i^e., time evolution), nature of the conversion process* 
These same model? have been adopted to the study of the dynamic behaviour 
of animal populations and epidemiology. 

Consider for the moment, that we have an experimental method for 
teaching a subject, codename NEWSTYLE, that represents a radical departure 
from previous methods (much as immersion French differs from the traditional, 
grammatical approach to language instruction). Given its cost, attractive- 
ness, practicability, etc*, there are some , numbers of teachers Xor schools 
or boards, depending on. the appropriate unit of analysis) who' would ultimately 
adopt NEWSTYLE teaching if it were disseminated unchanged. This number, K, 
is the' population of adopters' and is generally unknown— ^and may in fact change 
if, for example, a change in regulations make NEWSTYLE acceptable in another 
jurisdiction, 

At the instant NliWSTYLE teaching is announced to the educational community, 
there are no adopters, only N potential adqjjters. However, with each passing 

'Er|c 20* 
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yeflf, earn nwnbey pf these N potential' ftdoj^iera decide to adopt—and are 
thus converted into aotual adopters* The t^llfe evolution. of thla converalon 
generat'ea .the llf^ cvcle of NEWSjg.E feeachlni, 

Th© nature of the conversion process, though not determined by the 
model itself, is suggsted by the research of Carlson (1965), Rogers (1962 { 
1971)^,Havelock (1970), Mort (196^), House a97A; 1976), and others. At 
firat, since there are no NEWSTYLE teachers, other teachers feel no pro- 
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fesslonal drive to adopt Itt Al^o, they have no opportunity to see other 
teachers using it, no opportunity to discover it they ''need" it. Xn this 
situation, dif fusldi^ will be inhibited by the lAck of any social forces 

encouraging its adoption. But then; a few innoy^tiors, Individuals who 

. t-' , ~ 

have wide contacts and are , attracted toward new niethods, learn of NEWSTVLE, - 

I 

decide to try itt and find It to their liking, Aa more and more of their, 

assoqlates adopt NEWSTYLE, the inhibiting effect df isolation from NEWSTYLE 

decreases ana"ultima,tely vanishes. Thus, prid^r adoptions catalyse (atimu*^ * 

late) later adoptions, Indeed, once the conversion process begins, it is 

doubtful that It can be stopped except by extreme aqtion. 

Although it la somewhat unflattering to edycatl6nal innovators, the 

analogy to the spread of a contagious disease, as suggested by Rogers, is 

very helpful, Let adopting NEWSTYLE teaching be equated to catching Disease 

♦ 

X, In this framevorH, some number of people in Canada are "susceptible** 
to disease Xj let this number b^^N^^bie^^ of the disease # 

The rest pf the population is "ImmUne," for reasons that are themselves open 
to Investigation t Nothing occurs until some number of "carriers", denoted by 
n^, enter the population,' These carriers are not themselves "victims" 



(1, a, ^ adopters)} they merely carry the ^disease and can communicate It to 
"ausceptlblea" on^ntact. In the educational community, these n^ carriers 
repreaent^the effecta of dlasemlnatlon by field agenta, professors of 
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^dM«;ation, Minletry peraonnnlt le^dera of prpfesplonal organiMtlona, »' 
saXeamen, AdverU^lng, demonatt^tiona, efcat They are not theroaelvea real 
adop^jlona (iiet, teachera ualng NEWSTYI^B in the claaafoom), but Khey do 
provide social im^etuQ by coiranunlcal;ing the value of NEWSTYLB to the popu- 
lation ot potential adopters and by creating the appropriate Imagery that 
makea NEWSTYLE appealing (e,g.> NEWSTYLE teachers are leaders). That ISi 
they catalyze susQeptiblea into adopting NEWSTYLE. 

If S(t) ia used to denote the cumulative number of people who become 
'*111'* (adopt) by year t» then the number who become '-ill", (adopt) in the- 
first year ought to be some fraction of the N "susceptibles" who cprae into 
contact With the n "carriers'*. If one assumes^that the liKelihood of a 
"susceptible'* contacting a carrier is proportional to the number of "carriers", 



then 



S(l) =» f X n N (1) 
o 



"where f i^ a proportionality constant, n^ is the number of "carriers" and N 
^ is the number of '*^suQceptibles". Once others among the '^susceptibles" have 
become "ni" (ado'pt NEWSTYLE), they too o^n. coinmunicate the "dise'Se" to 
their fellow "susceptibles" (cause other teachers to adopt NEWSTYLE) ; once 
"ill'*, an individual becomes "immune" and cannot become "ill" (adopt) again. 
Hence, the number becoming "ill" (adopting) during the second year alone, 
B(^) " S(l), ought to be proportional to the number of remaining "susceptibles" 
N - S(l)| times the number of effective "carriers", which now equals n^ 8(1) 
since it Includes thoro catching the "disease" in the first year# That is, 

i S(2) T S(l) -1 f X Cn + S(1)J X CN - S(1)J . . (2) 

0 i 

Generaliaing' to year t, the number who, become "ill" (adopt) in year t should ' 
be given by ♦ ^ . 

s(t) - s~(t-x) - fx rii^*s(t-i); x (»-s(t-i)]^. ' '(3) 
ER?C . 22 
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In the limit, the* difference equation in (3) corresponds to the differen- 

tial equation fot a second order autocatalytic reaction in chemistry • The 

differentia^ equation ie > 

dS(t)/d(t)' - f^^^fn +S(t)JCN-S(t)] . (4) 

- ) ' " ■ 

and its solution, whicll-^indicates the number of people who will become "ill" 
(adopt) by time t, ^is^ - ' - 

, S(t) - (N+n^)/fl+(N/n^)e'"P^J - n , (5) 

t 0^0, 0 ^ ' 

where p f*(NHii ) is defined to be the rate constant. It can be shown 

0 • « . ' 

( L^ton, 1974) that th^ number of "carriers" n can be .determined from 

^ 0 

the size af the population of adopters N, the rate cop'st^aAt p, an<} the . 
, number of first year adopters S(l) = s^^. In*^act, 

n^ « Ns^e''^/[N(l-e"^)-s^l. \^ <6) 

* ' • -/ - ' 

Combining (2) and (3) yields *a theoretical model for cumulative adoptions 

V . ^ 

of any new innovation in which repeated adoption is not a significant factor 
or can be discounted. This model depends on the three basic parameters 
3^ and p. Given these three numbers, the entire unfolding of both cumulative 
and annual adoptions can be computed. ^ v ' 

The life cycle for such an innovati6n is simply the derivativ e (rate 
of change) of the cumulative number of adopjiions S(t). Thus, (2) and (3) 
provide a theoretical model for life cycles of' innovations — the lapse between 
introduction and total diffusion of an innovation^ In particular, the life 
cycle, or rate of adoption by "susceptlbles", as a function of time, is 
given by ^ • 

, ' S'(t) f« p(N+n^)Q(t)/^l+Q(t)]^• I ' * 

Where n^is given by (6) and Q^t)^ « (N/n.^)e''^^. 



Analysis Usln^ th e A utocatalytlc Model ^ 

Next, the nature and. characteristics of the theoretical life cycle 
model will be examined, followed by comparison of theoretical results with, 
those of actual life cycles. . ^ ' , 

First, consider the case of a >>ery innovative new practice. which will 
eventually have a very large number of adopters (i.e., a very large N) , but 
which has only a very small number of adopters in the ^Irst year, relative 
to the number of "susceptlbles" . That is, N. 'For example, N might be 

50,000 and s^^ only 500. In this case, the theoretical life cycle has the 
bell-shaped curve shown in Figure A. Doubling N simply doubles the height 
of the curve without increasing its width, while doubling p simply halves 
the width of the curve, making It more sharply peaked, thereby forcing all 
adoptions to occur in half the time. 

Insert Figure A about here 

Next, consider the case where the number of first year adopters, s , 
Is only about one-tenth the total number of adopters N (i.e., is an order 
of magnitude less than N). This might occur, for example, when a new series 
of learning kits Is introduced by a publisher and a large number of the 
company's regular clients order the first kit in the series. In such • 
caaesK^one might havq ^^000 kltp adopted in the first year out of a total 
of 50,000 that would eventually be adopted. In this case, the theoretical 
life cycle has the appearance of a truncated bell-shaped curve. as seen 
In Figure 5. 

* 

Insert -Figure 5 about here 

■ zi ■ 



Doubling p still has the effect of halving, the length of the life cycle; 

that is, it doubles the rate of adoption, with twice as many adopting in 

a given year* Doubling the size of N, however, is n^o/longer a simple 

doubling of ^the height of the life cycle curve. 

If s. is lesS'than an order of magnitude less than N (e*g*, if s, is 

only one-third of N) ,^ the change in the life cycle curve is still more 

striking. In this case, as seen in Figure 6, the life cycle takes on the 

r 

chauacter of an exponential decay with the largjest number of adopters in 
the first year. This situation might arise when the next issue q series 
of learning kits is introduced, and' 20,000 kits are purchased by previous 
users who are familiar with and pleased with -the kits* Doubling p still / 
has the effect of halving the life cycle, while doubling N again simply 
doubles the height of the curve • 

Insert Figure 6 about here 

It turns out, then, that the theoretical life cycle of an innovation 
ha^ th^ phape of a bell-shaped curve truncated from the left. The exponen- 
tial life cycle in Figure 6 is just an extreme case in which only the right 
tail of ^;he beXl'-shaped curve remains. The degree of truncation depends 
only the number of firpt year adopters, Sj^, relative to the total number 
of eventual adopters N, ^ 

Besides the number of first year adoptions, there are two other promt- 
nent features of an innovation's life cycle: 1) the time to reach maximum 
(peak) ad options , and 2) the maximum number of annual adoptions . These two 
properties pf the life cycle are easily^ predicted from the three basic 
parameters, N, s^^ and p. The relationships are derived in Lawton (1974), 
and are summarized below. ' ^ 
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Time to peak adoptions; 



\ t - i in(N/nJ - i[ln(N) -.ln(n 51 . ' (8) 
in p op o 

Peak adoptions; » 

a(t p(N4t\ ' ^ . (9) 

tn o 



where Nsje"*^/ [N(lr^e'*'')»-8j^ . 



Applicat ion to Hlatorlc al Pata 

As noted earlier, the autocatalytlc life cycle model is only useful 
since it displays the characteristics of actual hiatorical life cycles 
of the Adoption pf innovations^ Thla reaaon^ible nature of the mpdel has 
« ' bein demonstrated in ita application to aets of d^ta selected from educa" 

j , V ' tion, business and industry, Valuta of &^ and p were estimated using 

^ 

^ nonlinear eatimatton techniques which gav^ values resulting in the closest 
agreement between theoretical and historical life cycles. Presented 
below are the life cycles for siK educational innovations} that of a 
seventh, semes tering in Ontario secondary schools, appears in Figure 3 
presented earlier, In each case, actual data are plotted as a histogram 
while the theoretical life cycle is given aa a cont^lnuous curve. 

The data for Figure^ 7 through l^are derived from Carlson (1965, p. 68) 
using an Autorol curve frapder to obtain values from the graphical data he 
presents,. The data, in percentages,' are reported in Table 3* A cross 
check using Modern Math data (Carlson, 1965, p. 1|) indicates ^ny. errors 
are negligible. 

. ^ ' Insert Table 3 about here . 
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Figure -7 is concerned with the percentage of school boards adopting 
Mo<Jen» Mathematics in Allegheny County, Pennaylvania, and the State of Vest 

'e4 • ' ' , 2G 



Virginia. Separate reeuXta from the two jurladtctions are reported in 
Figures 8 and 9, Th§ rftte conslants for Ailegheny County is coniiderably 
larger than that for Wea^ Virginia, augges'ting that there is a distribution 
of rates under different ''ej^perimental ^ondUions'', Discovery df the nature 
of the differing conditions in the two contexts affecting the rate ofj 
diffusion is, at this point, a laatter of speculation, Zn aU cases, 
there is an enceXUnt fit between the hlstoricaX data and theoretical model, 



Xnsert Figures 1% 8, and 9 
^^ about here 



Results for the teaching of Foreign Language in elementary schools 
(Figure 10) are also excellent, as are those for Accelerated Programs 
(Figure 11), Prograanaed Inatruction (Figure 12), and Language Laboratories 
(Figure 13) t Only the fit between the historical data for Team Teaching 
and^^e "theoretical model for those is poor (Figure lA), Indeed, one 
must conclude that," in this one case, the autocatalytic model does not hold. 
Whether failure of the model is due to the setting, the particular innovation 
measurement erro\ or whatever, cannot be determined. ^ 

Table A summarizes the estimates of parameters and their standard errors 
fo* six educational innovations, including Semestering but excluding Team' 
Teaching, standard errprs, shown in parentheses, are approximate but give^ 
an In^lication of how well' the fRarameters are determined. Since N was set 

^for Semefitering, tts standard error was nbt estimated. In addition to the 
parameters and their errors, the table indicates the number of years to 
peak adoption^ Note that the shortest times— for modem math and programmed 

/tej^^ta—corresponda to the situations wjLth the highest rate constants. 
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The ra>es, p, for these educational innovations are plotted on a 
continuous scale along aide those for the business and industrial- sectors 
in Figure 'The- QontVast, to say the least, ia startling. The educa- 
tional innovations themselves fall into two groupings. Accelerated 



Insert Table 4 about here 



Insert Figures 10, 11, 12, 13, 14 
and 15 about here 



Progranjp, Language Laboratories, Semesteringj^^an^i-'^^gr^g^ Language for 




elementary schools all have rates ranging from 0.7 to^^6;9\ much as do 
industrial products. Programmed Xnstrubxix^and Modern Mathematics, ' 
on the other hand,, have much higher rates, aviu::aging about - All . 

educational rates are far higher, than thos^vEgr /consumer products, and 
11 entrepreneurial innovations (which includeg^ll yof. tHe educational 
examples reported here as well as those in the commercial sector), exceed 
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those for household innovations (limited to consumer products). 
Discus sion ' 

Perhaps the most interesting insight the autocatalytic model gives 
concerning the adoption of educational innovations is the variation in 
rates of adoption for different innovations, the different rates for 
different sectors outside education, and the different rates for hojisehold 
and entrepreneurial innovati ons • Xndeed, this ability to measure rates 
meaningfully is perhaps its roost useful feature for theoretical purposes, 
though at this pofnt in time one can do little' more than speculate about 
the differing rates displayed in Figure 15. Answers are needed to the 
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following questions. 

Why, .are educational rat^s of adoption so high in comparison to those 
in other sectors? One possibility might 'be the nature of the adopting 
unit?. In education, 'as in industry which also displayed higher rates, the 
school or school board is often the unit studied. Rogers (1971) notes the 
need for study of "authority dei:ipions" to adopt innovations within formal 
organizations. Organization^ are smaller in number than are individual 
consumers, and presumably their members^' knowledge about innovations is 
better, especially those individuals, whose job it is to ensure that the 
oziganization adapts to changes in the environment. 

This view is supported by House's (1^4) classification of innovations 
as entrepreneurial and household. With stronger social and economic - 
factors affecting the entrepreneur located in, an organization, one would 
expect rates for the former, to exceed those for- the latter. Though no data 
for household innovations in- education are reported here (i.e., those for 
which tHe teacher alone is the appropxiate adopting unit) , one might surmise 
such rates would be lower .than for those innovations adopted at the school 
or board level. Of course, i|F the rewards accruing to teachers who innovate 
are as low as House suggests, examples of genuine household innovations in 
education may be too rare fof sufficient data to be collected to test the 
hypothesis. 

Y^t,' how is it that the Mort studies concluded that innovations were 
slow to be adopted in the schools? His finding is in direct contradiction 
to our finding that rate constants are higher for schools than for any 
consumer product, and are higher than, for most industrial innovations. 
There are no cXear answers to this .paradox, but we would suggest three 
explanations. First, the Mort studies were not comparative it\ nature. 

29 ' 
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While they concluded i^novation in education was slow to take hold,, they 
may have ignored the fact it was slower elsewhere. Second, Mort tended to 
concentrate on a national perspective, whereas the data analysed here are 
for much smaller populations. Using the disease analogy, a virus does not 
spread within a given population until it has first invaded it—though it 
may be ravaging other groups. Thus, the spread of a disease may ^e- much 
slower within a whole nation, due to internal barriers, than 

in a^provincer or county. So too might an innovation spread more slowly 



from the national perspective. Finally, an explanation may be found 'in 
the secular changes betwen the time when most of the Mort studies were 
completed and the dates of the data studied here. The past fifteen years 
have seen far greater, commitment of public funds to education than was true 
between 1930 and 1960^-and money tends to stimulate change and innovation 
(House, 1976). Thus, *delay^in accepting new educational practices may 
actually have deiireased since the Mort studies began. 

To many, this 'last interpretation laig-ht be encouraging since inno- ' 
vation and change in- education have often been treated as "good" while 
maintenance of traditional methods have been viewed as "bad". But, under- 
neath the sermons advocating nw practices, has always been tj^e spectre of 
fadisra. Wag Modem Mathematics a thoughtful reform of curriculum, or a fad 
adopted to please critics? Is semesteting in Ontario a fad which will die 
out in a few years, or a genuine reform in the scheduling of classes and 
courses? And, what is more, 'does it really matter, one wav or the «ther? 
la 'there a morality of innovation? 

The rate constant of the autocatalytic model may prove to be one 
ixAw useful in distinguishing £ads-^or r^eforras adopted in fad-like fashion— 
from nioVQ substantial changes introduced after adequate planning. It is 
oMf suspicion that any product or practjlce which la introduced with such 

■ 'so 
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rapidity that its rate constant exceeds one can only be thought of as a 
fad. - The, history of modem math and the difficulties that followed its 
premature introduction into achools which lacked teachers trained in the 
subject and adequately prepared pupils, tend to confirm this view, as does 
the brief life of programmed texts in most schools. This is not to say 
that neither of these two innovations has its merits; it merely suggests 

that they were superficially adopted for their symbolic ^alue to prove 

■•7 ^ 

modernity, while the, changes their genuine use would req^uire were ignored 

or left to be work^'d outt In a sense, they were '^adopted** but not **imple- 

• \ 

i 

mented. , The danger of such fadism is apparent, for it clearly endangers 
. the reputation of valuable innovations which may be discredited by too 
hast^ adoption for thf wrong reasons. To be sure, some amount of imagery 
is necessary in education; but education is too fundamental to society to 
survive on imagery alone, Thus, introduction of nev practices requires a 
d^pth of preparation probably precludes extremely short life cycles— and 
extremely large rate constants, "[TJ^he vocational structure itself 
becomes a m4jor impediment to innovation," House (197A, p, 260) notes in 
describing Junoasey*a (1966) analysis of the relationship between tochno** 
logical innovation ^nd economic development. ''[Tj.he vocational structure 
changes by the training or retraining of those already in the vocation or 
by entry of newcomers into it (House, 197A, p, 260)," But this Is a slow 
process, and may extract a heavy human toll by requiring retraining of 
indivlduala, The individual's "skllis become increasingly obsoleecent # # # , 
The process of innovation requires that workers not use acquired knowledge 
and s kill s, b ut cQnti nually learonew ones Ip, 26l)/' 

I* appears, ?hen, that exceedingly high rate constants for Innovations 
reveal fada or auperflclal adoption of innovations* but fail to assist in 
assessing the true worth, in educational terms i pf the innovations Involved, 
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Further, investigation of the sjune entrepreneurial innovation in different 
settings woqld reveai a distribution of rate constants which, when* related 
to warlous pociologlqaX. psyehoXogicaX and economic variables, night pro- 
vide insight into the effect of contextual factors on the rate of adoption, 
of educational innovations. Similarly, by studying the rates for different 
innovations in the same setting, it may be possible to distinguish classes 
of innovations. In short, comparative analysis of rate constants may prove' 
a useful starting point for further investigations of the diffusion/ 
adoption/implementation process itself, Finally, one must beware of the 
"cult of raoderism" which tends to assume that all innovations are goodj 
one must look at the human costs and learn to weigh these, so that bene- 
ficial change can be distinguished from changes made for the sake of change, 
or for the advantage of those who are not directly affected. 
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. Table 1 

I 

PREDICTED VERSUS ftCTOMi TIME AND 
MAGNITODE OP SALES PERK* 



Predicted Actual Predicted Actual 
- Time of Time of Magnitude Magnitude 





Peak (no. 


Peak(no[ 


Of Peak 


of Peak 


Product / Technology 


of periods) 


of periods) 


. (Units) 


(Units) 


Boat Trailers 


9.8 


10 


205.240 


206.000 


Color TV, Retail 


6.0 


8 


6.733.400 


5.490.000 


Color TV. Manuf. 


5,5 


7 


6.637.800 


5.981.000 


.Holiday Inns 


10.9 


11 . 


131.6 


141 


Howard Johnson Mot. 


9.0 


-11 


38.6 


48 


Howard Johnson, HoL 


9.8 




202.6 


216 


Inn, & Ramada tnn 








McDonald's '55-*65 


6.1 


8 


119.7 


113 


Cont. Bleach Range 


3.2 


• 4 


16.7 


18 


Rapid Bleach 


4.1 


4 


7.2 


7 


Conversion, 70 percent 


3.3 


4 


48.6 


50 


H2OJ delivery system 










Hybrid Corn 


I1 


4 


24.6 


23 



Ilnvers (1972, p. 88) 

/ 
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Table 2 , 
ADOPTIW OF STMESTER SVSTm IN CWTARIO* 



Nuniber Jidopting Cumulative 
Elach Year _ Percentaae 



1968 


1 


.20 


1969 


6 


1.50 


'1970 


9 


3.40 


1971 


11 


5.7^4 


1972 


23 


10.64 


1973 


52 


22.13 



*HiU (1973, p. 8) 

Assumiw? 470 of 650 sec3ondary sdrools 
vdll eventually convert • 
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Table 3 



Year 


Modem 
Math • 


Foreicm 
■ Lanquage 


Accelerated 
Program 


Procnfanined 
Instruction 


Languaqa 
Labs 


Team 
Teaching 


1952 


• 


1.25 


.67 








1953 




2,02 / 


1.15 








1954 




2.88 


3.26 






• 

i 


1955 




3.36 


3,55 








1956 




4.70 


6,14 




. 1.06 


t 


1957 




8.26 


8.35 




1,82 „ 




1938 


.77 


11.62 


25.15 


1.92 


2.78 


2.88 


1939 


5.95 


17.86 


36.19 


3.26 


7.10 


4.80 


1960 


20.54 


23.81 


50.59 


12,29 


18.14 • 


6.43 


'1961 


44.93 


30.05 


57,02 


25.24 


24.38 


9.79 


1962 


65.66 


34.94 


63.17 


42.82 


36.19 


18.05 


1963 


74-,ll 


36.19 


64,32 ' 


49.25 


45.12 


20.45 



Carlson (1965, p. 68) 
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Table 4 



ESTIMATES OF PARAMETERS M'D STANDARD ERRORS FOR 

^EDUCATiamL mxmmai life cycles 



Innovation N S.E.(N) p S.E.(p)'-, s3 S.E. (s, ) Years to 

' ^ ^ Peak 



ffcdem Ilath •77.6% 0.6 1.36 0.03. 1.34% 0.09 3.8 
f'odem riath 

(W. Virgnia) 17 0.33 1.02 0.06 1.23 0.10 ^ ' — 

Modem Math 

(iaieaheny) 39 0.34 1.31 0.04 1.23 0.0& 

Foreiqn 

Ijaivcmage 39.4% 1,2^'- 0.64 0.04 0.30% 0.05 • 7.5 
Accelerated " 

Program 65.0% 1.7 0.91 0,p7 0.21% / 0.07 6.7 

ProcjrscTTned ^ 

Instruction 54.0% 2^6 1,25 0.13 0.86% .0.26 4.0 

Labs ' 56.3% ^ 6,5 0.77 O.U 0.54% 0.09 6.2 
Semester 

System 470 — 0.74 0.04 1.70 0.29 7«7 



Parameter estiinates vath percentage signs (%) are reported in term^ of 
the percentage Of the total possible adopters vAio would eventually adopt. 
Other parameter values for N and are in actual frequencies. 
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Captions fot Figures 
Caption 

Life CyclQ of NEWSTYLE Teaching 
Cable TV Subscribers in United States 
Semester System In Ontario 
Life Cycle when Is Several Orders;^^ 
Magnitude" Less than N ^ 
Lyf e Cycle when Sj^ Is Only an Order of 
Magnitude Less than N 
Life Cycle when s, Is the Same Order of 
Magnitude as N 

Modern Mathematics (Combined Groups) 
Allegheny County Modern Mathematics 
West Virgnia Modern Mathematics 
Foreign Language in Elementary Schools 
Accelerated Program 
Programmed Instruction 
Language Laboratories 
Team Teaching 

Comparison of Rate Constants 
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Fioure 1 



LIFE aCLF. OP MEt<OTYIE TEAQIING 




7 8 



ERJC . 



no: 



Figure 3 

Semester Sy«tem In Ontario 
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Figure 4 

Life Cycle when a^^ la Sever^il Orders of 
Magnitude Less Than N 




Year 
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Figure 7 
Modem Mathematics 

(Cooblned Groups) 



$.•1.34 Ns 7 7.6 
pc 1.36 




60 .61 62 63 
Year 
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West Virginia Modern Mathematics 




Figuw 12 • 
Programmed Instruction 




^ * I 



.Figure 15 ' ^ 



*• ♦ Educational Tnnovations 

M 'carrorcialAn^lustrlal 

• ♦ ' 

i;vr.U7r^i;-TATV)p;^Tf>pirs ^ 

Rapid Bleach Process Users ' . * * 

Colour Television 

Cable TV Sul:)scribers 

Reel n?ape PGcordern 
• *fenonald*s Franchises' ^ , . 

^ Poem Air ConditioVioirs^ 

LP Record Players . " . - 

Stereo Record Players 

Black and t^^hite Television 

Freezers ,^ » " 




